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Abstract:	Miniature	 gears	 are	 the	 key	 components	 of	 various	miniaturized	 devices.	Manufacturing	 quality,	 surface	
finish,	and	surface	integrity	of	miniature	gears	are	of	prime	importance	to	determine	their	functional	performance	and	
service	 life.	 This	 article	 presents	 the	 results	 of	 some	 experimental	 investigations	 conducted	 to	 machine	 precision	
miniature	brass	gears	by	abrasive	water	jet	machining	process.	The	fabricated	gears	are	external	spur	type	and	have	




















quality	number	 can	be	 assigned	 to	 gears.	Two	major	quality	 standards	 followed	globally	are	Deutsches	 Institut	 für	
Normung	(DIN)	and	American	Gear	Manufacturer	Association	(AGMA)	[5,	6].	Surface	finish	of	gear	affects	its	service	
life,	wear	 characteristics,	 and	 tribology	 behavior	 [2,	 3].	 Average	 and	maximum	 roughness,	mean	 roughness	 depth,	
skewness,	and	kurtosis	are	important	roughness	parameters.		
It	 is	well	known	that	 the	conventional	manufacturing	processes	such	as	gear	hobbing,	 forming,	and	casting	etc.	are	





















details	are	given	on	how	surface	quality	 is	obtained.	A	detailed	review	of	 the	available	 literature	doesn’t	 reveal	 the	
availability	 of	 any	 article	 systematically	 describing	 the	 mechanism	 of	 gear	 manufacturing	 by	 AWJM,	 effects	 of	 its	
parameters	 on	 surface	 quality	 of	 gears,	 and	 process	 optimization	 to	 secure	 high	 quality	 with	 productivity	 and	
sustainability.	The	present	investigation	fulfills	this	gap.	
 Sustainability,	 productivity	 and	 surface	 quality	 are	 three	 major	 factors	 to	 evaluate	 the	 performance	 of	 any	
manufacturing	process.	Stringent	environmental	regulations	have	prompted	gear	manufacturing	sector	also	to	develop	
the	 sustainable	 innovative	 techniques	 [11].	 Due	 to	 the	 long	 process	 chains	 of	 gear	manufacturing	 by	 conventional	
processes	i.e.	gears	made	by	conventional	processes	require	subsequent	finishing	to	improving	quality;	it	is	difficult	to	
achieve	 the	 overall	 sustainability.	 However,	 sustainability	 interventions	 are	 being	 provisioned	 there	 as	 well.	 The	
alternate	way	is	to	make	gears	by	advanced	processes	and	achieve	the	desired	quality	at	machining	stage	itself	with	no	
further	 requirement	 of	 finishing.	 For	 this	 it	 is	 necessary	 to	understand	 the	mechanism	and	 appropriate	 settings	 of	
optimum	machining	parameters.		




optimum	 settings	 of	 machining	 parameters	 have	 been	 obtained	 using	 statistical	 and	 evolutionary	 optimization	
techniques	to	produce	miniature	gears	equipped	with	good	surface	quality	and	integrity.	A	detailed	surface	integrity	








surface	 roughness	 and	material	 removal	 rate	 for	machining	 rectangular	 pieces	 of	 brass.	 Based	 upon	 the	 results	 of	




that	 the	 trend	of	 variation	of	 surface	 quality	parameters	 and	material	 removal	 rate	with	 all	 AWJM	parameters	 are	
different	and	a	 trade‐off	exist	which	needs	optimization	to	secure	the	one	set	of	machining	parameters	 for	 the	best	
values	of	all	surface	quality	parameters	and	material	removal	rate.	Moreover,	in	order	to	improve	the	surface	quality	
parameters	 individually,	 optimization	 was	 required	 to	 be	 done.	 Statistical,	 evolutionary,	 and	 hybrid	 optimization	
techniques	have	been	used	for	single	and	multi‐objective	optimization.	In	third	stage,	some	confirmation	experiments	
have	been	done	to	verify	the	predictions	of	the	implemented	optimization	techniques.	Thereafter,	a	detailed	surface	




























Variable	parameters	 Unit	 Level	 Fixed	parameters	




Water	jet	pressure	‘A’	 MPa	 150	 250	 350	
Abrasive	mass	flow	rate	‘B’	 g/min	 150	 225	 300	






























1	 150	 150	 1	 6.15	 18.2	
2	 150	 225	 1.5	 6.40	 17.4	
3	 150	 300	 2 5.80 17.0	
4	 250	 150	 1.5	 5.22	 15.6	
5	 250	 225	 2	 5.63	 16.1	
6	 250	 300	 1	 4.70	 14.8	
7	 350	 150	 2	 5.85	 15.6	
8	 350	 225	 1	 4.34	 14.8	
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